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ABSTRACT

The objective of Project 1.9 was to determine the concentration

and the particle size distribution of the pro-shook dust generated
from the surface of the ground by air currents resulting from the in-
cidence of thermal radiation on the surface of the (round.

Cascade impactors and filter samplers were used to sample pre-
shock dust for the brief period of time between the time of detonation
uid the arrival of the shock wave at the station.

The following conclusions are drawn: V

1. The presenice of pro-shock dust in concontration of from ten
to several hundred times background has been established.

2. There was no significant difference betweer. the particle size ri
distribution of pre-shock dust and background dust.

3. Little variation in dust concentrations from shot to shot was
shown.
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CiAF I R 1

IlTui' DUC'IION

1.1 GBJEC1i1/E

The primary objective of Operation TUIBLER was to determine the

extent of the loss of theouretical peak overpressure measured on the
ground from an atomic bomb detonation and to develop scaling la-.s for
determining the optimum height for such detonations.

The objective of Project 1.9 was to determine the concentration
and the particle size distribution of the pro-shock dust generated by
the action of thermal radiation on the surface of the ground.

These data will be applied to the determination of the effects of

thermal radiation on the loss of theoretical overproessure.

1.2 BACKGROL7:D

Overpressure results obtained at Operation BUSTER were 1/2 to 1/3

of the predicted values. It has been postulated that decay of the air
chock wave 's 6ue to so-called mechanical and/or thermal effects. The
loss of overpressure might be the result of the retarding effect of
dust raised frcm the surface of the ground by thermal radiation. The
resulting dust may absorb additional thermal energy and tend to magnify
the loss of overpressure.

1 3 ThZORY

1.3.1 Cascade Impactor

To determine the particle size distribution of any hetero-
geneous cloud a size-graded sampling method is desirable. Also to be

desired is a minimum amount of physical strain on the particles a&I
they are collected. The cascade impactor, first developed by May=( is
particularly suited to these requirements. The instrument used in

thess tests was a ftve-stage instrument designed at the Army Chemical
Center ,3,4,5, (Fig. 1.1). It deposits particles in five different

size groups in a manner suitable for analysis with the light and/or the

electron microscope. The larger particles, which are most likely to

shatter, are collected at low velocities. The main disadvantage of the
impactor is that it is not an absolute instrument, being that below a

certair particle size, the probability of collection decreases in a
rather complex manner.

3AG_
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1.3.2 The Molecular Filter

Molecular filters (Mr) consist of a loose network of cross-
linked molecules of cellulose ester polymers, which appear as bright,
white%,smooth sheets. Detailed information may be found in Goetz' re-
port.Z-

The effective pore size of an MF cen be controlled during
the manufacturing process. The pore size can be q ite accurately con-
trolled and varied over the range of 1 to 5,000 millimicrons. The pore
openings on the influent side are smaller than on the effluent side so
that there is a definite "screening action" rather than a "depth ac-
tion" during filtration.

The cellulose esters used have high dielectric constants.
Due to the large difference between the dielectric constants of the es-

ters and air, passage of air through the filter gives a strong and
lasting electrostatic charge to the filter. The retention of fine par-
ticles on the surface of a MI is believed to be due to these charges.

The molecular filter becomes almost completely transparent
when placed in a clear liquid of refractive index of 1,49. The liquid
used must not act as a solvent or a swelling agent. Particle deposits
on the MF may then be examined optically. A porous plate or a wire

mesh screen is necessary to support the Mf during filtering operations.

1.3.3 Factors Influencing the Use of the Molecular Filter and
the Cascade Impactor

The molecular filter in the sampler allowed a flow rate of
106 liters per minute to pass through a 100 cm2 circular sampling area.
However, the MF is fragile and it is not practical V-o analyze particles

smaller than one micron with an optical system.

The cascade impactor separates particles into five size
groupings which range from 100 microns to 0.1 micron. These groupings
may be analyzed with optical and electron microscopes. The instrument
however, has a flow rate of about 12.5 liters per minute, which is a
disadvantage because of the short sampling time @qvailable on this pro-
ject.

14



JET NO. I

JET NO. 5--

JET NQ 4 JET NO. 2

JET NO. 3

Fig. 1.1 Expanded A' ,O Casoade Impaotor Jet&
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CHAPTR 2

INSTRUMENTATION

2.1 rESIGN REQUIREMENTS

The sampling apparatus was designed to meet the following specifi-
cations Z

1. A representative dust sample must be obtained.
2. The period of sampling must be limited to the interval between

the time of detonation and the time uf arrival of the shock wave.
3. The maxim=m percentage of the available cloud sample must go

through the sampling apparatus.
4. The samplers must be easily removable from their mountings in

order to minimize exposure of personnel to radiation.

2.2 DESCRIPTION

2.2.1 Cascade Impactor Sampler

The cascade impactor was connected by use of a te to a I]
solenoid valve sad a filter (Chemical Corps Canister, Aerosol, E-12).
The connecting pipe fittings were selected so as to have a minimum vol-
urns (see Seo. 2.1). A clamp was used to hold the cascado impactor in- i
let securely against a gasket (Fig. 2.1).

The valve was a Barksdale "Shear-seal" slide-type, quick-
closing valve, spring loaded to the closed position. This valve al-
lowed an essentially straight-llne flow of dust samples to the samplers; I
the minimu flow passAge diameter was 25/32 in., (Fig. 2.2).

The filter contains Chemical Corps Type 6 paper, which has
a mean efficiency of 99.8 per cent when filtering the gross particulate
aontaminant isting in an atomio bomb cloud a few minutea after
detonation.Z/Air cleaned by this filter 6iwept the remaining dust sam-
ples out of the intake sampling line and o: to the sampling surface. 'hn
the vacuum pump was operating with the sole-oid valve closed, air, af-
ter passing through the filter, was dram. through the sampler. When
the solenoid valve opened, all of the air wab drawn through the valv F_
inlet, because of the high resistance to air fl.w offered by the filter.

2.2.2 Filter Sampler

Wht-. using the molecular filter material, the filter asmplor i
replaced the cascade impactor in the assembly shown in Fig. 2.1. The



.A0

Fig. 2 .l Cascade Impactor Sampler: bWft to Right the Solenoid Valve,
Filter, Connectinr Clamp With the Impactor

off lueait side of tt* tsamplor was connected to a vFacuum PUEP (OaP&OitY
is 4.8 oft,. at 2D Inchesa of mercury). See Appendix C.

The molaculmr filter mntorial used (Type HA, "Millipore")
~was made by the Lovell Chamical Co., Watertown,. Mass., using the Goetz
rocess,6J This filter matorial was placed In a filter holder haviro,

"back-up" screens to support both sides of tho filters durinG use. The
sampling surf'ace waz a oiroular area of' 100 eq. am. (Soo Fig. 2.3.)

2.2.3 Con-trol Circuit

The 110 volt power available at each aamplIng pit was
broughit in from a ceitral powur source by underground cables. The cir-
ouit (Fig. 2.4) was uued to obtnin properly controllod operation of the
ampling equipment durint; tho timo interval betwez the arrival of the
thermal wave and the arrival of the shock wavo at each station. The

-17
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Fig. 2.3 The Filter Sampler. Aerosol Canister, and Solenoid
Valve (A sheet of' Molecular Filter Material is shown
in the foreground)

coils of relays 91 ouid H2 of' equipment supplied by Edgerton, Germeshau-
sen, and Grier were activated by the arrival at tho otation of srn alsc-
trioal impulse.

The electrical impulee roceived by coil El at H-15 second
closed switch El, operating relay J I which closed switches Jland J1 2 .
thus sttarting, the vacuum pumnp motors. A second si-'nal was reeved by
coil Ez at H-2.5 aicoards. This time initervail of lZ.5 seconds permitted
the motors to attain rated speed conditions aud attain rated vacuum on
the samplers. Air was dr-aw.n throurh the aerosol canister and sampling
lines during this puriod but sinoe the valves wore closed, the samiple
oollectinr devices reoeived nc particulate matter.
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The electrical impulse attH-2.5 seconds energized coil (E2 ),
closing switch (E 2 ), and energiz~nr relay coil (J 3 ) which closed switches
(J3 1 ) and (J3 2 ), thus opening the slenoid operated valves. This was
the beginning of the samplin C period which was recorded by the clock
(C). This clock, havin; one secoand swoop h nd, could be read to one
thousandth of a second.

The blast-closure device (Fig. 2.5) was located a short
distance toward ground zero from the sampling station. The exact lo-
cation of this device was chosen so tiat the sampling would stop im-
mediately prior to the arrival of the shock wave at the sampl!_ng ports.

The shock wave acting on the blast-closure device mechani-
cally closed the micro switch, thus energizing the three parallel re-
lay coils (JZ, the thermal delay relay, and L). Electrically looking
relay J2 insured operation after the micro switch had closed. Relay

L2 opened switch L2 , thus de-energizing the solenoid valves, stopping
the clock, and ending the collection of samples. However, the thermal

delay relay kept the vacuum Pump in operation until the part of the
sample still in the sampling lines had been transferred to the collect-
ing surface. After a delay of seven seconds, the entire circuit was

de -energized.

7-V7

Fig. 2.5 Installation at Frenchman Flat F-203. The blast-Closure microswitches are in the foreground. The
ground and 10-ft. level boxes are to the left.

JAL von*
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Z.3 STATI E' UIPWT

For Shot 1 at Fronchmaz Flat. identical installations were made at
ground and 10 ft. levels at stations F-202 and F-204. The samplers
were mounted inside metal boxes (Fig. 2.6) so that samples entered
through pipe nipples located in the box side six inches above the box
bottom. The ground level samples were obtained by samplers in boxes
whioh were bolted onto a concrete base, while the sample at the 10 ft.
level was taken direotly above the ground level sample (Fig. 2.8).

4 wood-lined underground pit (Fig. 2.7),10 ft. to the rear cc the
ground level sampler, oontained the vaouum pumps, relays, and timing
equipment.

Area 7 was used for Shots 2, 3, and 4. Three stations, 7-201,
7-202, and 7-204, were instrumented in this area. However, on Shot
5, station 7-201 was used for background measurements. At station
7-204, on Shot 4, an extra filter sampler was installed in the ground
level box for background measurements. The stations in this area were
215 ft. east of the corresponding stations on the main blast line.

i box at ground level in area 7 waa mounted as at Frenohman Flat.
However, the sampler collecting the 10 ft. level sample was in a box on
top of s 7-ft. tower of the type used by the Chemical Corps in Operation
JANGLE. The tower was mounted on a foundation extending one foot above
ground level (Fig. 2.8).

Wires and tuhing to the boxes were enclosed in iron pipe. All
boxes were covored with aluminum sheetinC to reflect part of the thor-
mal wave.

2.4 FLOW CALIBRATION

The samplers (Molecular Filter and Cascade Impactor) were cali-
brated in the field, using a dry test meter.

22
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Fig. 2.7 Station 7-202. View of Underground Pits
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Construction Before Shot 2
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C L UF nR 3

TEST SITE OPEHATIONS

3.1 DETONATION DETAILS

This series of tests was run as a portion of the study of the four
atomic bomb detonations omuprising Operation TUBIM. A 1.05 kiloton
bcb was detonated at 793 ft. elevation, at 0900 hrs., I April 1952j
a 1.15 kiloton bcab at 1109 ft., at 0930 hrs., 15 April 1952j a 30 kil-
oton bomb at 3447 ft., at 0930 hre., 22 April 1952j and a 19.6 kiloton
bomb at 1040 ft., at 0830 hra., 1 May 1952. All tine given are Paif-
ic Standard Time.

3.2 INSTLLATION OF SAMPLING EQUIIMT

During the night before Shot 1, the ground around the blast line
stations was thoroughly watered downi. Particular care had been taken
to see that ground was smoothed and hardened around the ground level
boxes. This was not done on the last three shots in order that the
area would be in approximately the same condition as it was during .

Operation BUSTER. The ground was mostly bare, ungraded, and loosely
packed- 4

The cascade Impaotors used in this project were cleaned, assembled,
and loaded with the plastic slides and electron microscope films at
Army Chemical Center before shipment to the Nevada Proving orounds. The
ends of the cascade impactors were sealed to prevent contamination.

The filter samplers were loaded with the molecular filters at the
site. The intakes and exhausts of all sampling equipment were sealed
until they were actually mounted in the station boxes.

No Impactors or filter samplers were actually installed at the
stations until all timing signal "dry runs" had been completed.

After the first shot, a large amount of grease was noticed in the
interior of the valves. Before each suooeedinG shot, the entire samp-
ling train wee cleaned with carbon tetraohloride or acetone. The in-
lets of the ralves were then kept sealed until shortly before use.

Before each shot, the underground pits were covered with sandbags
and dirt.

3. REMOVAL AND PACKING OF SAMPLING EqUIPMT

The equipment was removed from the sampling stations as soon as

26



permitted after tacn snot. Sampler intakes and exhausts were imnediate-
ly sealed to prevent contamination.

At Yucca Flat Airstrip, the cascvdo impactors were placed in ship-
ping boxes. Each molecular filter used with Shot 1 was put into a
vinyl bag before beiniG placed in a shipping box. All other used mo-
lecular filters were mounted on a rigid plastic plate, influent side
out, and then packed ani sealed in a dust free box. All operations
in which the szpling surfaces were expcsed to the atmoaphere were per-
formed in the closed cab of a truck. Within four hours after removal
from the sarnplinC station, each sainple was placed aboard a 4ourier
plane and rushed to Army Chemical Center for study.

3.4 ANALYSIS AT AL.Y CHMDICAL Ci TERi

3.4.1 Cascade Impactor Analysis

When exposed impactors were received from the test site
they were monitored for radiation, and if safe were unloaded. The im-

paction areas of all jets were measured using scattered light. The
first and second jet samples were examined, projected, and counted at
l,OOOX using a light microscope. The third and fourth jet samples
were photographed using the electron microscope; the electron micro-
graphs were then projected and counted at lO,OOOX. The fifth jet sam-
plea were photographed using the electron microscope; the electron mi-
crographs were projected and counted at 50,OOX. Heavy oil-like de-
posits and oversarpling, combined with a large concentration of fibres,
made the analysis of a few samples impossible.

3.4.2 Molecular Filter Analysis

One half of each filter was mounted on a clean, polished
glass plate. Several drops of acetone were placed, at random spots,
on the filter dissolving small areas of the filter. This treatment

left the particulate material in an ideal form for microscopic exaxni-
nation usingtransmitted light. With the use of the light microscope
projection apparntus, the areas cleared by acetone were then projected
at I,OOOX and counted. As in the case of the cascade impactor samples,
fibers were also noted on the molecular filters; however, in no case
was the fiber concentration great enough to hinder analysis.

Microphotographs of the five stages of a representative
cascade impactor and a molecular filter are shown in Figure 3.1. The
molecular filter and the first and second impactor stages were magnified
280X, the third and fourth stages 2,800X, and the fifth 7,50OX. A)bes-
toe fibers are seen in stares 2, 3, 4, and 5. The foggy background on
the 5th stage is due to oil deposits. The porelike background on the
molecular filter microphotograph is characteristic of the filter after
the addition of acetone.
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CHAPTER 4

RESULTS

4.1 PARTICLE SIZE AND NUMBER DISTRIBUTION

4.1.1 Cascade Impactors

The cascade impactor samples were analyzed for particle
size data only. Figure A.1 is a sample calculation sheet for a corn-
plete cascade impactor sample. The number of particles in each class
interval on each jet, corrected by the jet area factor, has been en-
tered in the appropriate position in the first five columns. The total

number of particles in each class interval was then obtained by adding
the entries in each row. The remainder of the sheet consists of the
calculations leading to cumulative per cent undersize by number, by
surface, and by mass. The average diameter, Day, was calculated from
the size and the total number columns. Previous to the analysis of the
complete impactor sample, each individual 

jet was analyzed in the man-

ner just described. The number, median diameter, surface median diaMe-
ter, mass median diameter, geometric standard deviation, sverage diame-
ter, total number, summation of median diameter squared, and summation
of median diameter cubed for each jet and each impactor are shown in
Figures A.2 and A.3. Log-probability plots were made for each complete
impactor sample. These plots are shown in Figures A.4 through A.16.
Plots of particle size dirtribution for each impactor, on log-linear
paper, are shown in Figures A.17 through A.29. The mean size of each
range, where a range of one half to twice the stated size was used, has
been plotted against the average number/cc of air in the range. Table
4.1 lists the particle concentration of each impactor; how this con-
centration was determined is shown in Table A.l.

In general, calculations wore carried out to four signifi-
cant figures and the final values were then reduced to three 3ignifi-
cant figures. The use of two significant figures would be more in
keeping with the accuracies expected. The impaction area measurements
have a possible error of + l/O. due to their imperfect definition; and,
the possible error arisinE from misclassifying a particlo by one clas-
interval is also about 4 10%. Since a large number of particles (ap
proximately 500/jet or 7,500 im actions) were measured, it is probable
that values based on calculations (average diameter, total number, etc.
are accurate to . 10%. The median diameters and the geometric standard
deviation for each sample were obtained from lines drawn to represent
the trend of the data.
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4.1.2 Molecular Filters

The number of particles with diameters of onb micron or
more per square centimeter of molecular filter was determined and the
number of such particles per cubic centimeter of air calculated. The
results are shown in Table 4.1. Particles below one micron in diameter
were not counted because this size is near th- limit of resolution of
the light microscope and therefore difficult to examine. Figures A.30
through A.49 are graphs showing the number of particles per cubic cen-
timeter of air as a function of particle size.

4.1,3 Correlation of Cascade Impactor and Molecular Filter Data

Dust concentration on filter samplers and uascade impactors
are in fair agreement. For example, at Station F-204-U, 6.2 per cent
of the impaotor particles were greater than one micron in diameter.
From Table 4.1, 7.65 x 104 particles/oc of air greater than one miorn _

were counted on the filter, giving 7.G5 x 104-l" 0.062 a 1.2 x 106 par-
tieJes/co of air on the filter. The impactor results from this station

are 1.72 x 105 particles/cc of air.

4.1.4 External Factors Affecting Results f
Throughout the operation, cascade Impactor samples were

more easily spoiled by foreign material than were the molecular filter
samples.

Cascade impactor samples for Shot 1 at the ground level of
both stations were rendered useless by an oily mist. It was suspected
that this oil was from the cables supporting the 50-ft. towers. During
succeeding shots, these cables were wrapped with aluminum foil to pre-
vent vaporization of oil. However, both of the impaotors at station
7-201 collected oil during Shot Z.

Carbon particleb, mixed with the sample obtained during
Shot 3 by the station 7-202 impactor at ground level, made analysis
impossible. The carbon probably came from burning sagebrurh fragmnts.

The shock wave of Shot 4 destroyed the impactor samples at
station 7-202 and station 7-204 and also the filter samplers at the 10
ft. level. The filter sampler at the station 7-202 ground level ool-
lected a large amount of dust.

Fibers were found on several cascade impactor slides, there-
by making analysis of the slides difficult. These f1bers were found to
be crooiLolite asbestos fibers which are a component of the filter ma-
terial usLd in the Chemical Corps Aerosol Canister, E-12.
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TAB LE 4. 1

Caseade Impactor eid Moleoular Filter Conoentration Data

0. S. V---
Ca ) . . 0 0 .

- *4-4 4 -- 4O 0 ,. * 0U

1- ,00

F-202U 1.06 x 1x 10 10.5 3,4 x I06
F-202L oil deposit 4.19 x 104  Traoes of

loose dust
F-204U 1.72 x 105 7.6b x 1O4  62 1.2 x 106
F-204L oil dop'sit 2.44 x 104 Grayish
B-201U oil deposit 1.05 x 104Gi
B-2011, oil deposit 3.15 x 104
B-202U 1.41 x 105 1.02 x 104 3.3 3.1 x 105 Traces of

loose dust
B-202L 3.b7 x ]05 9.74 x I03 3.b 2.1 x 105
B-204U 2.86 x 104 2.97 x 103 5.3 b.6 x 104

11-204L 2.96 x 104 2.60 x 103 3.8 6.8 x 104
C-201U 2.53 x 103* 2.12 x 102* 3.4 6.2 x 103*
C-201L 1.65 103* Z.1O x 102* 2.0 1.1 x 104*
C-Z02U 4.10 x 104 1.02 x 104 5.0 2.0 x i05 Traces of

loose sand
C-202L arbon s 1.10 x 105 Traco ofdeposits loose band

C-204U 9.34 x 104 2.77 x 103 1.1 2.5 x 105

C-204L 9.07 x 104 5.22 x 104 7.2 7.2 x 106 Traces of
loose sand

D-201U Smashed Blast Burned .
D-ZOIL Full of Dirt Blast Burned
D-202U Smashed Blnnt Broken
D-202L Damaged 8.31 x 106 Soorched
D-20411 1.19 x 3ob 3.91 x 103 2.4 1.6 x 105
D-204L 2.22 x 105 2.49 x 104 4.0 6.2 x 105 Loose sand
D-204BG Not used 1.20 x 103* 4.0 3.0 x l04

U refers to 10 it. level stations
L refers to ground fivel stations
BG of" * refers to background

and V) refer to Shots 1 kFrenohman Flat), 2,3,and 4, resepc-.
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4e2 Ranges to Stations

TPhe noxinal, ground and slant ranges to each station are
shown in Table 4.2.

TABLE 4.2

Ranges to Stations

Nominal Ground Aotual Ground Aotual Slant
Station Rangs Ft Range Ft Range Pt

F-202d 600 580 980
F-202L 500 580 980
F-204U 1000 1070 1330
F-204L lowk) 1070 1340
B-2O1U 750 830 1270
B-201L 750 630 1270
B-202U 1500 1380 1770
B-202L 1500 1J80 1770
B-204U 3000 2890 3100
B-204L 3000 2890 5100 r
C-201U 750 880 300
C-201L 750 860 3500
C-202U 1500 1400 5710
C',-202L 1500 1400 3720
C-204U 3000 2900 4500
C-204L 5000 2900 4510
D-201U 750 680 1240
D-201L 750 60 1250
D-202U 1500 1390 1730
1-202L 1500 1390 1740
D-204U 3000 2870 3050
D-204L 3000 2870 3050
D-204BO 3000 2870 5050

U refers to 10 ft. level stations
L refers to ground level stations
BG or 0 refers to baokground
F, B, C, and D refer to Shots 1 (Frenohman Flat), 2, 3, and 4,
respectively.
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CIIPTER 1

DISCUSSION

5.1 MECHANISM OF SAMMING

The technique of sampling the pro-shock dust using sampling
periods of the order of one second was ontirely successful. All
sampling stations operated as plaxned.

5.2 DIFFERENCE IN RESULTS

The number of partioles per cubic centimeter of air as determined
by the impactor analysis was usually one-half to one-third of the 08-

timatod number of particles on the corresponding filter ssmpler. The
disparity in the results may be due to ion-isokinetio sampling, the
effect of which cannot be estimated.

5.3 RESULTS

The data show the order of mkgnitude of the pre-shock dust con-
centration at ground and 10 feet levels and also background or normal
dust concentrations. No intformation was obtained on the particle con-
centration at heights greater than 10 ft. above the ground; consequent-
ly no estimate could be made of the total number of particles raised
by the thermal wave.

Table 14.1 shows that the pro-shock dust concoentrations are goneral;

ten to several hu 4rd times the background or normal dust conoentrations,
As an exaple, for Shot 3#, th pre-shook dust oonoentatione as determined
fron filjer isaplee range froma siaim of 2.77 z D- to a mazimm of
1.1 x 10? partiolos/oo while the background ooncentrations are 2.1 x 102.
The ratios of pro-shook to biakgrwui dust concentrations for those
stations range from approximately 10 to 500

Irm
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' WMR 6

CONCLUSIONS AND RSCO .&DATIONS

6.1 CONCLUSIONS

The presence of pre-sho", dust with concentrations of from ten to
several hundred times background or normal dust concentration has been
established. The depth of the dust layer extends to at least 10 ft.
above the ground surface. Dust concentrations decreased slightly be-
tween stations 7-202 and 7-204 at both sampling love's. Little varia-
tion of dust oonoeutrations from shot to shot was shown.

Although the soil moisture content was usually abnormally high,
dust concentrations several hundred times background were obtained.
This was particularly true for Shot 4. The ground was thoroughly
soaked from rainfall and a heavy dew and yet, as much dust was pro-
duced at station 7-204 as on Shot 3. However, the thermal radiation

was higher on Shot 4 than on any other shot.

There was no significant difference between the partiole situ
distribution of pro-shock dust and background dust. The pro-shock
dust partioles appeared to be similar to the background particles
although on some samples from Shots 3 and 4 there appeared to be
traces of transparent, spaerioal particles. These were probably par-
ticles of fused sand.

6.2 RECOMENDATIONS

If analysis of the blast phenomena indicates a need for the data,

improved techniques should be dereloped to sample pro-shock dust on

future atomic weapons tests. In order to determine the depth of the

dust layer, samples should be collected at several heights ranging from
sero to considerably more than 10 ft. above the ground.
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APPHND IX A

PARTICLE DISTRIBUTION DATA

TABLE A.1

Particle Concentration From Casoade Impactors

sampling ou Rate S l t
Station Tim Flow Re Volume Particles Particoles

*FS2o) cc/sa Go* On Impactor] Per cc**

F-202U 0.45 215 19 2.9O x 107 1.06 x 106
F-202L 0.48 223
F-204U 0.72 208 72 1.24 x 107 1.72 x 105
F-204L 0.72 223
B-201U 0.34 203
B-201L 0.32 210
B-202U 0.64 223 65 9.14 x 10 1.41 x 105
B-202L 0.65 217 63 2.25 x 107 3.67 x 105
B-204U 1.70 227 308 8.80 x 106 2.86 x 104
B-204L 1.71 210 28l 8.29 x 106 2.95 x 104
C-201U 12,5 208 2522 6.38 x 106 2.53 x 103
C-201L 12.b 210 2522 4.20 x 106 1.66 x IO3
C-202U 1.47 208 228 9.35 x 106 4.10 x 104
C-Z02L 1.46 215
C-204U 2.05 218 369 2.45 x 107 9.34 x 104
C-204L 2.04 202 334 3.09 x 107 9.07 x 104

D -201UT

D-201L iD-202U 0.05
D-202L 0,04
D-204U O.9 227 124 1.47 x 107 1.19 x 105
D-204L 0.89 210 109 2.42 x 107 2.22 x 10 5

* This volume equals the product of flow rate and sampling time minu,.
thu 78 cc volume of sample trapped between the inlet and the closed ti
gate valve, which did not reach the impactor. Because of the much
larger flow rates through the molecular filters, this 78 cc volume
correction was not made for such flow.

" Particle concentration on molecular filters was similarly calculated.
*"Detonation to time of blast arrival.
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AP~PEND IX B

DUIAE TO STATIONSii

B.1 EFVECT OF SHOTS

No do ;r'o was cusod by the first three shots; however, the fourth

shot oau, Imost completely demolished stations 7-201 and 7-202.

B.2 S'PATION 7-201

At station 7-201, tile samplin, box at the 10 fL. level was moved

50 ft. to the rear of the foundation and the impactor and filter sampler
broken. The ground level box stayod on it, foundation tud the samplers

remained on their mourtings, but awnplos could be obtainod. both mv-
lecular filters were apparently burned up by thermal radiation. The
canisters wero blown away from the upper sawiplurs. The lower canister
paper was scorched.

B.3 STATION 7-202

At station 7-202, the upper sWmpling box was blown fLbout 300 ft.

from the foundation. The only usable easrplo oblainod at Uis station

waS on the mo1ecultar filter at rround level.

At both stations, tie aluciaun covering the boxos and guy wires

disappeared, presumably by burning. A13o, the pressure actuated mi-
oroswitch supports wero bent to the Cround.

B.4 STATiON 7-204

At ostation 1-204, somo aluimlnnn shooting war stripped off th.
wires. No other dwnage was done.

1
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APFENDIX C

IETAIIS OF CASCADE IgPACTOR USEMBLY

For Shot 1, the first and second jets of the impactor were loaded
with plain plastic slides, however, for the rest of the shots, plain
glass slides were used in the first and second jets because of diffi-
culties encountered in cleaning the plastic eli2des. The third and
fourth jets were loaded with plastic slides. Into each slide, Figure
C.I, are fastened towo electron microscope screw-cap-screen assemblies.
The 200-mesh screen supported a £ormvar film. The fifth jet of each
impactor was loaded with a plastic slide, which contained a formvar
film in an electron microscope vcrew-cap-400-mesh screen assembly.
This use of 400-mesh screen and formvar film is new. The formvar film
was used because it is very tough and apparently unaffected by the
electron beam in the electron microscope.

ELECTRON MICROSCOPE SCREEN HOLDER

I, ELECTFION MICRO0SCOPE SCREEN

'4jENF HOLDER ADAPTER SCREW

PLASTIC SAMPLING SLIEE

ASSEMBLED SAMPLING SLIE

Fig. C.l Cascade Impactor Plastic Slide Assembly

87

j jj ~ ~ i J l I JJ J i i ] -.. . . . .. . .. . . ... ..... .



.t

BIB LIOGRLPI-Y

1. K. R. May "The Cascade Impactor", Journal
of Scientific Instruments, Vol. 22
#10, p. 187, Oct. 46.

2. J. D. Wiloox "The Design and Development of a
New Five-Stage Cascade Impactor",
CRLIR #92, Army Chemical Center. Md.

3. J. D. Wilcox and "A New Sampling Technique Particle
W. R. Van Antwerp Size Distribution by Combined Use

of the Optical and Electron Micro-
scope" CRLIR #70, Army Chemical
Center, Md.

L

4. E. H. Engquist and Scientific Director's Report, "Cloud
T. C. Goodale Phenomena: Study of Particulate and

Gaseous Matter", Operatior. GREEN-
HOUSE, Annex 6.1

5, C. R. Robbins, H. B. "Airborne Particle Studies", Opera-
Lehman, D. R. Powers, tion JANGLE, Project 2.5a-1.
and J. D. Wiloox

6o A. Goetz *11olecular Filter Membranes", Re-
port of Symposium 3, Aerosols, p.
77, Technical Command, Army Chemi-
cal Center, Md., April, 1950.

7. E. H. Engquist Scientific Director's Report,
"Evaluation of Filter Material",
Operation GREENIOUSE, Annex G.G.

88

-day



DISTRIBMON T

Copy No.

ARMY ACTIVITIES

Ast. Chief of Staff, G-2, D/A, Washington 25, D. C. I
Asat. Chief of Staff, G-3, D/A, Washington 25, D. C.

ATTNI: DACofS, G-3, (RR&SW) 2
Asst. Chief of Staff, G-4, D/A, Washington 25, D. C. 3
Chief of Ordnance, D/A, Washington 25, D. C. ATTN: ORDTX-AR 4
Chief Signal Officer, D/A, P&O Division, Washington 25,

D. C. ATITN: SIGOP 5- 7
The Surgeon General, D/A, Washington 25, D. C.

ATTN: Chairman, Medical R&D Board 8
Chief Chemical Officer, D/A, Washington 25, D. C. 9- 10
Chief of Engineers, D/A, Military Construction Division,

Protective Construction Branch, Washington 25, D. C.
ATN: ENGEB 11

Chief of Engineers, D/A, Civil Works Division, Washington
25, D. C. ATTN: Engineering Division, Structural
Branch 12

The Quartermaster General, CBR, Liaison Office, Research
and Development Division, D/A, Washington 25, D. C. 13

Chief, Army Field Forces Ft. Monroe, Va. 14- 16
Army Field Forces Board ;1, Ft. Bragg, N. C. 17
Army Field Forces Board #2, Ft. Mhox, Ky. 18
Army Field Forces Board #4, Ft. Bliss, Tax. 19
Commanding General, First Army, Governor's Island, New

York, N. T. 20- 2.
Commanding General, Second Army, Ft. George G. Meade, Md.

ATTN: AIABB 22
Commanding General, Second Army, Ft. George G. Meade, Md.

ATTN: AIAHE 23
Commanding General, Second Army, 7t. George G. Meade, Md.

ATTN: AIACM 24
Commanding General, Third Army, Ft. McPherson, Ga.

ATTN: ACofS, G-3 25- 26
Commanding General, Fourth Army, Ft. Sam Houston, Tax.

ATTN: G-3 Section 27- 28
Commanding General, Firth Army, 1660 E. Hyde Park Blvd.,

Chicago 15, Ill. 29- 34
Commanding General, Sixth Army, Presidio of San Francisco,

Calif. ATTN: AMtCT-4 35
Commnder-in-Chief, European Command, APO 403, c/o P3,

New York, N. Y. 36
Cooander-in-Chief, Far East Comand, APO 500, C/o PM,

San Francisco, Calif. ATTN: ACofS, 0-3 37- 41

89



DISTRIBUTION (Continued) Copy No.

Commanding Gcneral, U. S. Army Alaska, APO 942, c/o PM,
Seattlj, Wash. 42

Coauniding Generai, U. S. Army Caribbean, APO b34,
c/o PM, New Orleans, La. ATTN: CG, USARCARIB 43

Commanding General, U. S. Army Caribbean, APO 834,
c/o FM, New Orleans, La. A'TN: CG, USARFANT 44

Commanding General, U. S. Army Caribbean, APO 834,
cio Pm , New Orleans, La. ATTN: Cml Off, USARCARIB 45

Commanding General, U. S. Army Caribbean, APO 834,
c/o PM, New Orleans, La. ATTN: Surgeon, USARCARIB 46

Commanding General, USAR Pacific, APO 958, c/o PM,
San Francisco, Calif. ATTN: Cml Off 47- 48

Commandant, Command and General Staff Collega, Ft.

Leavenworth, Kan. ATTN: ALLIS(AS) 49- 50
Commandant, The Infantry School, Ft. Benning, Ga. j

ATTN: C.D.S. 51- 52
Commandant, The Artillery School, Ft. Sill, Okla. 53
Commandant, The AA&GM Branch, The Artillery School, Ft. A

Bliss, Tex. 54
Commandant, The Armored School, Ft. Kiox, Ky. ATTN: Classi- 1 j

fied Document Section, Evaluation and Res. Div. 5- 56
Camnanding General, Medical Field Service School, Brooke

Army Medical Center, Ft. Sam Houston, Tex. 57
Commandant, Army Medical Service School, Walter Reed Army

Medical Center, Washington 25, D. C. A'TN: Dept. of
Biophysics 58

The Superintendent, United States Military Academy, West
Point, N. T. AT'iN: Professor of Ordnance 59- 60

Commandant, Chemical Corps School, Chemical Corps Training
Command, Ft. McClellan, Ala. ATTN: Radiological

Section 61- 62
Commanding General, Research and Engineering Ccmmand, Army

Chemical Center, Md. A'ITN: Special Projects Officer 63
RD C.rntrol Officer. Aberdeen Proving Ground , Md. AT'TN:

Director, Ballistic Research Laboratories 64- 65
Commanding General, The Engineer Center, Ft. Belvoir, Va.

ATrN: Asst. Commandant, The Engineer School 66- 68
Commanding General, Aberdeen Proving Ground , Md. 69- 70
Chief of Research and Development, D/A, Washington 25,

D.c. 71
Comanding Officer, Engineer Research and Development

Laboratory, Ft. Belvoir, Va. ATN: Chief, Technical
Intelligence Brauch 72

Commanding Officer, Picatirny Arsenal, Dover, N. J.
ATTN: ORDBB-TK 73

Conmmanding Officer, Army Medical Research Laboratory,
Ft. Knox, Ky. 74

90

w2



DISTRIBUTION (Continued) Copy No.

Comanding Officer, Chemical Corps Chemical and Radiological
Laboratory, Army Chemical Center, Md. ATTN: Technical
Library 75- 76

Commanding Officer, Psychclogical Warfare Center, Ft.
Bragg, N. C. ATTN: Library 77

Aest. Chief, Military Plane Division, Rm 316, Bldg 7,
Army Map Services, 6500 Brooks Lane, Washington 25,
D. C. ATTN:Operations Plane Branch 78

Director, Technical Documents Center, Evans Signal Lab.,
Belmar, N. J. 79 ;

Director, Waterways Experiment Station, PO Box 631,
Vicksburg, Miss. ATTN: Library 80

Director, Operations Research Office, Johns Hopkins Uni-
versity, 6410 Connecticut Ave., Chevy Chase, Md.

ATTN: Library 81

NAVY ACTIVITIES

Chief of Naval Operations, D/N, Washington 25, D). C.
ATTN: OP-36 82- 83

Chief of Naval Operations, /N, Waahington 25, D. C.
ATTN: OP-Si 84

Chief of Naval Operations, D/N, Washington 25, D. C.
ATTN: OP-53 85 I

Chief of Naval Operations, D/N, Washington 25, D. C.
ATTN: OP-374 (OEG) 86

Chief, Bureau of Medicine and Surgery, D/N, Washington 25,
D. C. ATTN: Special Weapons Defense Division 87- 88

Chief, Bureau of Ordnance, D/N, Washington 25, D. C. 89
Chief, Bureau of Personnel, D/N, Washington 25, D. C.

ATTN: Pere 15 90
Chief, Bureau of Ships, D/N, Washington 25, D. C.

ATN: Code 348 91
Chief, Bureau of Supplies and Accounts, Di, Washington

25, D.C. 92
Chief, Bureau of Yards aud Docks, D/N, Washington 25,

D. C. ATTN: P-312 93
Chief, Bureau of Aeronautics, D/N, Washington 25, D. C. 94- 95
Chief of Naval Research, D/N, Washington 25, D. C. 96- 97
Ccomander-in-Chief, U. S. Atlantic Fleet, Fleet Post

Office, New York, N. Y. 98- 99
Cmmander-in-Chief, U. S. Pacific Fleet, Fleet Post

Office, San Francisco, Calif. 100-101
Commander, Operation Development Force, U. S. Atlantic

Fleet, U. S. Naval Base, Norfolk 11, Va. ATN.

Tactical Development Group 102
Commander, Operation Development Force, U. S. Atlantic

Fleet, U. 8. Naval Base, Norfolk 11, Va. ATN: Air Dept. 103

91

i : f I I i I i I I I :1. . ' - I l i i: "I



DISTRIBUTION (Continued) Copy No.

Commandant, U. S. Marine Corps, Headquarters, USMC,

Washington 25, D. C. ATTN: (AO3H) 104-107
President, U. S. Naval War College, Newport, Rhode Island 108
Superintendent, U. S. Naval Postgraduate School, Monterey,

Calif. 109
Commanding Officer, U. S. Naval Schools Command, Naval

Station, Treasure Island, San Francisco, Calif. 110-111
Director, USMC Development Center, USMC Schools, Quantico,

Va. A'I:TN Marine Corps Tactics Board 112
Director, USMC Development Center, TSW Schools, Quantico,

Va. ATTN: Marine Corps Equipment Board 113
Commanding Officer, Fleet Training Center, Naval Base,

Norfolk 11, Va. ATTN: Special Weapons School 114-l5
Comanding Officer, Fleet Training Center, (SIWP School),

Naval Station, San Diego 36, Calif. 116-117
Commander, Air Force, U. S. Pacific Fleet, Naval Air Sta-

tion, San Diego, Cali.. 118
Commander, Training Commnand, U. S. Pacific Fleet, c/o U. S.

Fleet Sonar School, San Diego 47, Calif. 119
Commanding Officer, Air Development Squadron 5, USN Air

Station, Moffett Field, Calif. 120
Commanding Officer, Naval Damage Control Training Center,

U. S. Naval Base, Philadelphia 12, Pa. AT'N: ABC
Defense Course 121

Commanding Officer, Naval Unit, Chemical Corps Schooi,
Ft. McClellan, Ala. 122

Joint Landing Force Board, Marine Barracks, Camp Lejeune,
N. C. 123

Commander, U. S. Naval Ordnance Laboratory, Silver Spring
19, Md. ATTN: E 124

Commander, U. S. Naval Ordnance Laboratory, Silver 3pring
19, Md. ATTN: Alias 125

C07ander, U. S. Naval Ordnance Laboratory, Silver Spring
19, Md. ATTN: Aliex 126

Commander, U. S. Navel Ordnance Test Station, Inyokern, 7 I

China Lake, Calif. 127
Officer-in-Charge, U. S. Naval Civil Engineering Research

and Evaluation Laboratory, Conetruction Battalion
Center, Port Hueneme, Calif. ATTN: Code 753 128-129

Commanding Officer, USN Medical Research Institute,
National Naval Medical Center, Bethesda 14, Md. 130

Director, U. S. Naval Research Laboratory, Washington 25,
D. C. 131

Commanding Officer and Director, USN Electronics Labo-
ratory, San Diego 52, Calif. ATTN: Code 210 132

92



t
. .

DISTRIBTION (Continued) Copy No.

Commanding Officer, USN Radiological Defense Laboratory,
San Francisco, Calif. ATTN: Technical Information
Divis ion 133-134

Commanding Officer and Director, David W. Taylor Model
Basin, Washington 7, D. C. ATTN: Library 135

Coamander, Naval Air Development Center, Johnsville, Pa. 136
Commanding Officer, Office of Naval Research Branch Office,

1000 Geary St., San Francisco, Calif. 137-138

AIR FORCE ACTIVITIES

Special Asat. to Chief of Staff, Headquarters, USAF, Rm
5EI019, Pentagon, Washington 25, D. C. 139

Assistant for Atomic Energy, Headquarters, IJSAF, Washington
25, D. C. ATTN: DCS/O 140

Assistant for Development Planning, Headquarters, USAF,
Washington 25, D. C. 141-142

Director of Operations, Headquarters, USAF, Washington V
25, D. C. 143-144

Director of Plans, Headquarters, USAF, Washington 25,
D. C. ATTN: War Plans Division 145

Directorate of Requirements, Headquarters, USAF, Washing-
ton 25, D. C. ATN: AFDRQSA/M 146

Directorate of Research and Development, Armament Divi-
sion, DCS/D, Headquarters, USAF, Washington 25, D. C. 147

Directorate of Intelligence, Headquarters, USAF, Washing-
ton 25, D. C. 148-149

The Surgeon General, Headquarters, USAF, Washington 25,
D. C. 150-151

Commanding General, U. S. Air Forces in Europe, APO 633,
c/o FM, New York, N. Y. 152

Commanding General, Far East Air Forces, APO 925, c/o PM.
San Francisco, Calif. 153

Commanding General, Alaskan Air Command, APO 942, c/o PM,
Seattle, Wash. 154

Coamanding General, Northeast Air Ccmmand, APO 862, C/o PM,
New York, N. Y. 155

Comanding General, Strategic Air Commani, Offutt AFB,
Omaha, Neb. ATN: Chief, Operations Analysis 156

Crtnanding General, Tactical Air Command, Langley AFB, Va.
ATTN: Documents Security Branch 157-159

Commanding General, Air Defense Command, Ent AFB, Colo. 160-161
Commanding General, Air Materiel Coemand, Wright-Pattersom

AFB, Day-ton, Ohio 162-164
Commanding General, Air Training Command, Scott AFB,

Belleville, Ill. 165-166
Commanding General, Air Research and Development Command,

PO Box 1395, Baltimore, Md. ATMN: RDDf 107-169

93



tuN L SSi gEB

DISTRTB1TION (Continued) Copy No.

Commanding General, Air Proving Ground, Eglin
AFB, Fla. ATTN: AG/TRB 170

Commanding General, Air University, Maxwell AFB, Ala. 171-175
Commandant, Air Command and Staff School, Maxwell AFB, Ala. 176-177
Comman'ant, Air Force School of Aviation Medicine,

Randolph AFP, Tax. 178-179
Commw,,ding Genernl, Wright Air Development Center, Wright-

Patterson AFF, Dayton, Ohio. ATTN: WCOESP 180-185
Commandiiig General, Air Force Cambridge Research Center,

230 Albany St., Cambridge 39, Mass. ATTN: Atomic
Warfare Direztorate 186

Commanding General, Air Force Cambridge Research Center,
230 Albanyv St., Cambridge 39, Mass. ATTN: CRTSL-2 187

Cm anding General, AF Special Weapons Center, Kirtland AF,
N. Mex. A71N: Chief, Teclinical Library Branch 188-190

Commandaint, L13AF Institute of Tecnuiology, Wright-Patterson
AFB, Dayton, Ohio. ATTN: Resident College 191 t

Commandin~g General, Lowry AFB, Denver, Colo. ATTN:
Dept. of Arament Training 192-193

Commanding General, lO09th Special Weapons Sq., 1712 G
St., NW, Washington 25, D. C. 194-196

The RAND Corporation, 1500-4th St., Santa Monica, Calif.
ATTN: Nuclear Energy Division 197-198

O0= DEPTS. OF DEFENSE ACTTVITIES

Executive Secretary, Joint Chiefs of Staff, Washington 25,
D. C. ATN: Joint Strategic Plans Committee 199

Director, Weapons Systems Evaluation Group, OSD, Rm 2E1006,
Pentagon, Washington 25, D. C. 200

Assistant for Civil Defense, OSD, Washington 25, D. C. 201
Chairman, Armed Services Explosives Safety Board, D/D,

Rm 2403, Barton Hall, Washington 25, D. Z. 202
Chairman, Research and Development Board, D/D, Wash-

ington 25, D. C. ATN: Tecnical Library 203
Executive Secretary, Committee on Atomic Energy, Research

and DevAlopment Board, Rm 3Ei075, Pentagon, Washington
25, D. C. 204-205

Executive Secretary, Military Liaison Committee, P0 Box
1814, Washington 25, D. C. 206

Commandant, National War College, Washington 25,
D. C. ATTN: Classified Records Section, Library 207

Commandant, Armea Forces Staff College, Norfolk 11, Va.
AT1;N Secretary 208

Co~manding General. Field Command, AFSWP, P0 Box 5100,
Albuquerque, N. Mex. 209-21

914

dr



DISTRTBUTION (Continued) Copy No. t
Commanding General, krSWP, PO Boxc 2610, Washingv.on 13,

D.C. 215-223
Director of Military Application, U. S. Atomic Energy

Commission, Classified Document Boom, 1901 Con-
stitution Ave., Washington 25, D. C. 224-226

Los Alamos Scientific Laboratory, Report Library, PO
Box 1663, Los Alamos, N. Mex. ATTN: Helen Bedman 227-229

Sandia Corporation, Classified Document Division, Sandia
Base, Albuquerque, N. Mex. ATTN: Wynne K. Cox 230-249 .

Weapon Test Reports Group, TIS 250
Surplus in TISOR for AFSWP 251-300

&

95

AIC a 1g. ~m .16

law"


